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1. IIEJI r4 OCBOEHI,4.fl nI/lCW{frJrr4HbI
I-{erxvtu ocBoeHLIfl Al4crlunnurru (lro4ynx) <Herusefiuag onrura> flBJrrercfl Qoprwr,rponaHlle y

o6yuatolulExct noHl.IMauut $usuqeicKr4x ocHoB ueluHefinlx orrrrzqecKr4x ssreuuft u oS@er<ron,
nonyr{eHl4e npaKTI{qeCKI'IX HaBLIICOB AX pacqeTa u MOAenVpoEaHVq Anfr IIOCneAyIoIIeTO
IIcnoJIb3oBanrrs. 3TLrx sHaHr.rfi ilpv pa3pa6orxe r4 orrrr4Mr43arllrrr MeroAoB, cpeAcrB r4 TexHoJrofllft,
I4ononb3yroulr4x ni}3epHoe u3nyqeHu e.

3 aAaqz Ar4 crlr4nnr.rHbr :

. TeoperlzqecKa.f, IIoAroroBKa B o6tacru Qu:urz nelzueftHtrx lnleHzfi, no3Bonqrcrlat
6yayuuru I4HXeHepaM opl4eHTr4poBarbcfl B rroroKe HayuHofi v rexHr4qecr<ofi ran$opMarruv Lr

o6ecneqzsarcqas IrM Bo3MolKHocrb r.rcrroJrb3oBaHr4fl HoBbrx Qnsnuecrux fl]lrrHrlunoB
nelunefinoft onruxn n o6racr.f,x cpelcrB r4ccneAoBasuft u na3epnbrx rexnoloruft;

o (popunpoBaHple nelzueftnoto Hayr{Hofo MbrrrrJreHvrfl, B qacr*ocrr4 rrpaB[IJ]bHofo roHVMaHIig
rpaHI4II npLIMeHIrMocru $u:uqecKI4x nonmuft, 3aKoHoB, reopvfi m'rHefinofi (bu:uxu n
yMeHr,Ir oIIeHrIBaTb cTeIIeHb AOCTOBepHOCTT{ pe3yJIbTaTOB, [OIyrreHHbrX C ]rOMOrrIbIO

SKCnepVMeHTaJILHbIX I,IJIII MaTeIv{aTI4rIeCKIlX M€TOAOB kICCneAOBaHLIg;

o sripa6orKa npI4eMoB kr HaBbIKoB perueuufi KoHKperHbrx 3a,4arr e o6racru Su:zxu
neluuefinlrx xole6asufi n IloJIH, noMofarorr1vx cry,4eHTaM n 4alr,uefturevt perxarb
I4HXeHepHbre 3a\ArilI.

o o3HaKoMJIeHIre cryAeHToB c coBpeMenuofi nayuHofi annaparypofi u nupa6orr(a y Hr4x

Har{aJILHLIX HaB;IKOB IIpOBeAeHpIg SKCnepI4MeHTaJIbHbIX Hayr{HbIX ZCCIe4OnanZfi

Susuvecrux.sereHllft n o6racru nerunefiHofi onrur<u r4 orleHKrr [ofperrrHocrefi zsnepenufi.

2. MECTO AIICqZilJIIIHbI B CTpyKTypIl O[Otr BO
fiuulutluua <HerI.rHefinar orrrr4Ka) orHoct4Tcr K da:osofi qacrLr ocHosHofi

upo(feccuoHamnoit o6pasonaremnofi nporpaMMbr B1.O.29.Izl:yueHue lr4crlrrnnr{Hbr rrpoxoAr4r B

r.f,ToM ceMecTpe.

.{nx ycnelrHoro ocBoeHlrfl Kypca Su:uxu cryAeHTaM neo6xoruuo 3HarE, cneAyroune
pa3Aenbl srtcmefi MareMarr4Kr.I v lpzsuru: [u$QepenuvaJrbHoe r{crrr4cJreHr4e, I4nrerpzurr,noe
vcv.uclrenve, AuarztuqecKa.s reoNrerpr4r u ruueituas. alre6pa, P.r4rr, 3lenaenrrr BeKTopHoro
aHaJrkr3a, (DyHrcqnu KoMIIneKcHofo [epeMeHHofo, [rE$SepeHrlLraJrbHbre ypaBHeHr4r, 3leueurr,r
Teoprur BepoflTHocrefi, u MareMaruqecroft crarucrr4Kkr. OcHosrr orrrrKt4, OcHoerr rsaHronoit
3neKTpoHr4Kr4,

OcsoeHLIe Alzcur4nnlrHu neo6xo4r,rMo AJrfl r43yr{eHufl cnelyxlilrr4x Arrcrlr4nnzn yue6noro
[JIaHa: <BsauMoAeficrel4e na3ep]Frofo rz3nyrreHr.rfl c BeilIecrBoM), <Jla:epnar rexHr4Ka),
<@usuqecKue v MareMarl4rrecKue nprrHul{rrbr aAarrrr.rBHofi onruru>, <Hayuuo-HccJleAoBarerlE,cKa.rr
pa6ora B ceMecrpe), Bbr[oJrHeHr4e B]brrrycr<noft xsanu$uxaquoHnofi pa6oru.

3. IIJIAHI,IPYEMbIE PE3YJIbTATbI OEYIIEHKTfl fIQ AI4CIII4TIJI]I{HE
flnanupyeubre pe3ynbrarrr o6yueru4s rto Arrcrlt4rrnuHe, coorHeceHHbre c [naHr4pyeMbrMr4

oIIorIIbTATAMT4 OCBOEHI{'

Ko4 $oprr,rrzpyeMbrx
xonnereuuuii

YponeHr ocBoeHrjt
KOMneTeHUrl[l

lllaHupyelmre pe3ynbrarbr o6yueuur ro AucrlunnrzHe
xapaKTepr43yrorque 3Tarrbr Qoprr.rr,rporaHna rounerenuuil
( noxagarcr u ocBoeH14t xovnercsunn)

I 2 3

OUR-I Cnoco6en
IpI4MeH.sTb

ecTecTBeHHoHayqHbre H

o6uleunxeuepHbre
3HaHpIq, MeTOAbl

MATEMATZIIECKOf O

AHAJIV3A V

MOAenr4poBaHHr B

nuxenepHofi

Vacruqnoe
ocBoeHue

3narr:
. OCHOBHbIE 3AKOHbI ECTECTBEHHbIX HAYK;

. MCTOAbI MATEMATHqECKOIO AHUUIU3A 14 MOTETI4POBAHI4g;

. rroHuMarb ocHoBHbre npr,rHunrrbr pa:pa6orxu vr

[poa3BoAcrBa 3JreMeHToB H ycrpoficrn ra:epHofi rexHunu,
Jra3epHbrx TexHororl,tr{ecKux ycraHoBoK, a TaKXe
orITHqecKHX MaTepH€UIOB H 3JIeMeHTOB;

o ocHoBFryro HoMeHKJrarypy ra:epHofi TexHr,rKr4, oco6euuocra
ee KoHcrpyKIIHpI, TexHoJIotHlt rlpoH3BOACTBa, a TaKII(e



.IletTelrbHocTH,
cBrr3aHHofi c

npoeKTVpoBAHueM)

KoHcrpyr4poBaHueM z
TEXHOIOIHqMH

[por43BoAcrBa na3epHofi
TEXHI4K14

ycnoBr4.rr rz MeToAsr r4x 3KonnyaTaqHl4.
Vmerr:
. [paMeHsTs eCTeCTBeHHOHayqHbre ri r4HxeHepHble 3:g'aHl1ls.

Ans npoeKTllpoBaHnfl,, KOHCTpyT{pOBAHVI. U npOr43BOACTBa

ra:epuoft TexHriKH.

Blagern:
. MeroAaMr4 pacqeroB v rTpoeKTupoBaHu.s 'rexnonorufi v

uccle4onaHzfi Ha ocHoBe ecrecrBeHHoHayqHbrx vl

nHlKeHepHbrx suauufi;
. MeTOAaMH 14 KOMnbrOTepHblMr,r cvcTe]l'laMn, I{ononb3yeMblMrr

I|pn MoAeJrHpoBaHur4 H npoeKTr4poBaHu]t na3epHbrx
ycTaHo BoK, KoM n.lteKCO B, CI,ICTeM h Jt a3epH[,IX reXUOlOrUfi .

IIR-l Cnoco6nocrt
rrpoBoAr4Tb pa6orsr no
o6pa6orne naHanrBy
HayqHo-Texnuqecnoft
uHQopnaquu z
pe3ynbTaToB

uccnelosaHufr

t{acruqnoe

ocBoeHHe

3uarr:
. aKryaJrbHylo HopMarr4Brryrc AoKyMeHTar_IHro e o6racrr4

npoQecczona.ttHofi Ae.sreJr bHocrn;
. MCTOAbI AHAJTVT3A HAYI]HbIX IAHHbIX;
. METOAbI PI CPEACTBA TIJIAHHPOBAHH' u opfaHH3arlHr{

uccJreAoB aH uk u p azp a6 or ox
. OCHOBTryIO TEPMIiHOJIOII{rc HA HHOCTPAHHOM g3bIKC,

I4cnonb3yeMyro npu o$opuleunu n ny6wnaquu
pe3yJIETaroB HayqHbIX raccle4onanufr v rexHlrrtecKlrx
paspa6ororc;

. ocHoBHbIe HcroqHHKU HayrrHo-Texunqecxofi uuQoptuaquu n

o6 tacru np nzura4uofi MareMarr4Ku n uu$ opuarnrz.
Ynaerr:
. npaueusTb aKry€urbHylo HopMaTr.{BHyro AoKyMeHTarIuro B

o6 tacru npo$eccuoHal ssofi AeflTeJrbHocru;
. oQopN4rqrr pe3ynbrarbr HayqHo-HccreAorlarerbcKHX t4

olrbrrHo-KoHcrpyKTopcKux pa6or, a roM qtrcJre Ha

HHOCTpaHHOM t3brKe;
. aHulv3upoBaTb HayqHE,re AaHHbre, pe3yJlbTaTbr

3KcneprrMeHros a Ha6rro Aesuit.
B.na.uers:
. HaBbrKaMrI cocraBJreHut nJIaHoB npoBeAeHun uccnegosanuit

vr paspa6oroK, B ToM rII4cJre Ha nHocrpaHHoM Jr3brKe;

. HaBbIKaMZ opraHrz3arlzu c6opa v r43yqe,Hr4q HayqHo-
rexnuqecxofi unQopuaquu rro reMe uccrre4onauuit v
pa:pa6orox, B ToM qlzcne Ha r{HocrpaHHoM fl3brKe;

. HaBbIKaMr4r4 TeOpeTI{qeCKOfO O606qeUus HayqHbrx AaHH[,rx,
pe3ynbraroB 3KcnepriMeHros fi ua6rro Ae:awit .

IIR-3 Cnoco6uocrr
opfaHa3aur,roHHo a
TEXHOJIOII4IIECKIl

o6ecneqnsarb co3AaHue
un$opnraqraoHHbrx
CHCTEM,

aBroMaTr,r3Hpyrotllux
3AAAI{LI

opraHrl3arlr4oHHofo
ynpaBJreHr{r pr 6usHec-
npoqeccbr

r{acra.{Hoe

ocBoeHHe

3Haru:
o oco6ennocrz npoercrHofi pa6ortr

npo$eccno HaltHofi AerreJrb Hocru;
e o6racru

. ocHoBbr SunaHconoro MeHeAr(MeHTa, 6yxralrepcroro
yuera, HanoroBoto 3aKoHoAaTeJIbcTBa V ynpaBlreHu''
rrepcoHanoM;

O OTEqCCTBCHHbIE A ME)I(AYHAPOAHbIE CTAHAAPTbI TIO

KaqecTBy;
. cpeAarBaA srag\aprbr onncaHr4fl r.r MoAeJrHpoBaHnA 6n:Hec-

JIorIaKrz npeguerHofi o6laclu.
Yruerr:
. BbrrBJr.rrrb pe3epBbr Lr pa:pa6ar;raarr Mepbr fro

o6ecneqeszro penfl{Ma pecypcoe$$eKTrrBHocrr4 npr4
BbrrroJlHeHur4 npoeKTa;

o $opnrupoBarb flJraH-rpa$zx peurrnar\Lru [poeKTa B rIeJroM H
IINAH KOHTPOJI' ETO BbINOJIHEHI,II:



. BErnoJrHsrb 6a3oBbre Suuauconrre pacudru no [poeKTy;

. yr{I4TbrBaTb fyMaHIITapHbre u [paBor]bre acrreKTbr

npuua.qHofi MareMarr4r(u u nu$opnrarrzrri B

lpo$eccuonallsofi AesreJrr,Hocrn;
. co3AaBaTb r{HcTpyMeHTbr v MeToAbr pacnpocTpaHeHuq

uH$opnraqrzu o xoAe Br,rrrorHeHur pa6or;
o o6ecneqanarr pa:ndprbrBaHae r.ln$oprr,raqzouuofi cucreMbr

y 3aKa3qr4Ka u ee HH'rerpaqr4lo c cyulecTByrorur4Mrz
zn$oprr,raqaoHHbIMr.I cI4aTeMaMh 3aKa3qHKa;

. yr{HTbrBarb npu co3AaHfiH rzHQopvraqnoHHbtx cucreM
rpe6onaHur uuSoplraqr,rouuofi 6esonacHocrr H 3au\urbr
r4HTenJreKTyalrsofi co6crneuuocru;

. cJreAoBarb rrpaBr4naM BeAeHLrs, AoKyMeHroo6opora B

opraHr43arlu_sx.

Blaaern:
. HaBbIKaMH SopnrynnpoBaHnfl Ha ocHoBe rocraereHFrofi

npo6reuu npoexruofi 3a1aqv n cloco6a ed peureunx vepes
peanr43arlurc [poeKTHof o y [paBJreHr{.s ;

. HaBErKaMu opraHr43arlr4r,r v KoopAvHarIHu pa6orrr
yqacTHr{KoB npoeKTa r4 nJraHHpoBaHH.fl TOCIe,4OBaTeJIbHOCTH

rrraf oB AJrr AocTLDr(eHr4r pe3yJrbTaTa;
. HaBsrKaMH ny6lnunoro npeAcraBneHnq pe3yJTbraroB

rpoeKTa (ana or4elbHbrx efo sranon) r Sopne orudrot,
crarefi, Br,IcryrrneHufi Ha rcouQepeHunrrx, ceMaHapax n rrr.;

. HaBbrKaMa pa6orbr c 6yxralrepcnoft a $uHaucoeofi
gorcymeHraqzeft;

. HABbIKAMU OIIEHKh KPI,ITHT{HbIX A[|fl OqIfAHn3AI\VI4 V

yilpaBreHr.rq [poeKTaMH lo co3AaHnro r,ru{ropnaquoHHbrx
cHcTeM ryMaHr4TapHbtx u npaBoBbrx acIIeKToB,;

. HaBbIKaMV npl1lHsT]/lr Mep rro Hepa3fnar[eHHH) au$oprulaqurz
o xoAe BbrnoJrHeHlls npoeK.Ta z 3auII,ITe IrHTeJrneKTyalsuofr
co6crreuHocru;

. HABbIKAMN COCTABJIEHV' NPOEKTOB AO|OBOPOB HA CO3AAH}IE

u conpoBolrqenue nHdopMaulIoHHrrx clrcreM.
nR-4 Cloco6uocrr
aHiurrr3r,rpoBaTb

rpe6onauur x
npofpaMMHoMy
cpeAcrBy

t{acrlrqnoe

OCBOEHIIE

3nars:
. MeroAbr aHaJrv3a H Tecrr4poBaHr4s, rpe6oeaHufi K

rporpaMMHoMy cpeAcrBy;
. METOAbI AHAJILT3A, NPOEKTHPOBAH],I' A

nporpaMMHoro o6ecneqeHns.
paspa6orxrz

Ymerr:
. Tecrl4poaarr rpe6oeaHltfl K npofpaMMHoMy cpeAcrBy;
. oQopvnrrb AoKyMeHTarlalo rro recrr4poBaHuxl;
. a*arqr3vpoBarb rpe6oeaHua Ha coorBercrB,He npuHsrbrM

cTaHAapTaM H MeTOAaM rrpOeKTHpOBaHZr;

. zcrroJr63oBarb coBpeMeHHbreCASE-cpe4crra.
B.nagers:
. HaBbrKu BbrqBreHu.fl nporunopeuufi e rpe6ouaHutx

oAVHaKoBoro 14 pa3ru4uul,lx yponuefi K rrporpaMMHoMy
cpeAcrBy;

o HaBbrKLr rrpoBepxr{ ocyruecrBuMocru QyHrqvoHlzpoBaHlas. v
conpoBox(AeHr4rr rrpofpaMMfroro cpeAcTBa;

. HaBbrKl{ onpeAeJIeHI,Ir Bo3Mo)r(Hocr}r BBeAeHITIi[ I43MeHeHHft ]r

Aonolsenufi rpe6oeaHnfi K rrporpaMMHoMv cDeAcrBv.



4, OEbEM I4 CTypKTypA AI4CrII4rrJrr4Hbr

Cogepxanrre JreKIIr{oHHr,rx saHsrnfi rr o Artcqu[JrrrHe
Pa:4e.rr 1. BneAenue B HeJrr4He,ftsrre orrrr.rqecKr.r e flBrrerras. (4 uaca).
Tenra 1 Bne4eurae s Herr4HeftHyro orrrrrKy,
CogepxtaHze reMbl flpe4rvrer nelraHefiHoi4 omuxu, uaropr4fl ee pa3B1rr1rfl.
Tetvra 2 K.naccz(f ux arJvfl HenutrefiHo-onruqecKr.rx qnreHufi,
Co4epNaul'Ie reMbl. Knaccz$r,rr<alll4.f, Henr4Hefiuo-onrzqecKrzx sflSexron. HercorepenrHrre

HelraHefino-orrl4r{ecKl4e eS$ercrtr. .fenepaqzr rapMoHr{r. Cueureuue qacror. BrruyxcnegHoe
rolr6unaqzoHHoe paccerHrre cBera.

Pa:ge.r 2. Teopnx ueruseftHo-orrrzrrecKrzx snreHzft (6 qacos).
Terraa 1 Hemlneftnsrft orrlur< opeAr,r.
Co4epNanue reMbl Hapyueune [pLIHrIr{[a cylepno3zrrJLrur Ans, ckrJrbHbrx cBeroBbrx BoJrH

B cpeAe' Pasno)KeHv e nonf,pll3aulll4 rro crerteH-sM rroJrr, Helvueftn as. ilonflpv3ar\ux. feuepaqur
nropoft rapMoHI4KLI Ha ocHoBe IzHTefpanbHoro noAxo 4a. fitnuaKofeper{THocrr4.

T ema 2 oenorueHorofr4rrecKoe orlr4caHrde Bocnpr4l4Mrrusocrefi
CoAepNaru4e reMbl. OenolreuoJlofrrqecKoe orrr4caHze orrl,tqecKlrx Bocnpnznt.tzsocrefr

KpI4crannI4qecKI'IX cpe4' Bexrop nontp[3a\vn; MarepvaJrbHoe ypaBHeHr4e B Kpr4crannrrqecKr4x
aHI'I3orponHbx cpeAax. Teusopr,I nelunefino-orrr.rqecKr4x BoclpzlrMrrlrnocrefi. O6rqlie
ceoffcrea reH3opa KBaAparl4rlnofi nocnpr4r4Mrrr4Bocrz. YpanHeuzs VlaxcBeJrna - JlopeHua s
cpere. Hennneftnuft orrlux cperbr, l lerprnefiua.f, [onqpr43arrus cpeAbr.

Pa:4en 3. Kna4parkIqHble cpeAbl Tp€xnonHoBoe B3ar.rMo4eficrnue. (12 qacos)
Telra l. MeroA MeIneHHo MeHf,roilIuxcr aMu;raTyn

o6

co4epNanue reMbr. MeroA MeAneHHo MeHrrorqlrxcr aM'naryA.
yKoporreHHbre ypaBHeHr4r. TpexdroroHHbre nsazraoAefi c-rBLfl.. cucrenaa
yKopoqeHHbrx ypaBHeuuft. CoorHoilreHr4q Meulu - poy.

Tewa2 feuepaqzx nropofi rapMoHrrKt4 (fBf).
ColepNaHI'Ie reMbl. feHepaqlzra nropofi rapMoHr4Ka y npu6tu:,r(eHur.r 3aAaHHor.o rroJrr.

@asoerrfi cI'tHXpoHI43M rI MeroAbI ero peaJrr{3 a\vv. BrzAu Qa:onoro cr4HXpoHrr3Ma.

CraquoHapHrre
cTarII4OHapHbrx

TIIZUI TPYAOEMKOCTI, AI4CIIHIIJ]I4HI,I COCTABI'CT 4 gAqCrUrX EAHHHU. I44 qACA
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Tenra 3 Toqnoe pelreHr{e Anr reHeparluz eropoft rapMoHr.rrfl4
Co4epxtaul4e reMbl. To'ruoe perreHr,re Ans reHeparlr4r4 BTopofi raplrourzKr4 ypaBHeHr{e An.rr
MeAneHHo MeHtloql4xcs, aMflIrLrrya u Qa:. Peneune npr4 TotrHoM crrHxpoHr43Me. Cnyuaft

orcyrcrBl'Is nropoff rapMoHIzKLI I{a Bxone nelzuefiHoft cpeAbr. 3axsar u cpbrEr 3axBara
o6o6rqesnofi (f a^:u. fBf e orcyrcrrlr,rr4 or4HxpoHr.{3Ma.

Teua 3 llapar,rerpuqecKoe yc.nneHze
Co4eprraHue reMbl. Ilaparterpuqecxoe nsaznro4eficrBr4e BoJrH B cpeAax c

orpl'IuarenbHr,IM rloKa3areneM rlpe.rroMJreHr,r.f,. Vxopo.rennoe BoJrHorloe ypaBHeHr4e o yr{eroM
npeuenuoft u [pocrpaHcreeHHoft rvcnepcutr. flapauerpr4qecxoe ssazN,{oAeffcrBr.re BoJrH c
yqeroM rlpocrpaHcreeHHoft Aucnef\cvh. Ilaparr,rerpr4rrecKoe rpexBonHoBoe B3arzMo4e,ficrnue n
cpeAax c orpr,ruarelruofi peSpanqu,efi .

Tewa 4 HecraqnonapHbre yKopor{eHHbre ypaBHeHru
Co4epx<aHze reMbl. Mero4 MerneHuo MeHrrrorqprxcq aMnnaryA B Teoprzr4

paclrpocrpaF'eHrrfl. BOJIH. HecraquouapHlle yKopoqeHHbre ypaBHeHza. Bropoe npz6luxeHpre
reopua l.]1'cnepcvu. Vpannentrfl, Anfl rIfIKoB Ir r4Mnynbcon. flu$llaKqrdoHHbre e$sexrrr u
4{cnepcHoHHoe pacrInbIBaHLIe I4MrryJrbcoB. O6rqee ypaBHeHr{e r\nr MoAynrrpoBilHHbrx B
rrpocTpaHcTBe rr Bo BpeMeHr{ aMrrnzTyA.

Terraa 5 Hecrarluonapnax fBI'
Co4epNanl4e reMbl. Tpex$orouHble npoueccrr. CncreMa HeJrr{HefiHrrx HeorarluoHapHbrx

ypanHeuufi' HecraIlkroHapHafl, reHepallzs nropofi rapMoHr4Ka. 3Q$exr rp.y'11rroBofo
3arIa3AbIBaHI'It I{MnynbcoB; rpynnonofi cunxpoHll3M. 3$Sercr ArrcrrepcuoHHoro pacnnbrBaHr4s
krMrrynbcoB.

Terraa 6 llpocrpaHcrBeHHo-BpeMeHHar aHaJroru{
Co4eprxanze reMbl [zaQparvreHHbre aneprypHbre s(p$exrtr (oo-e-cam<poHzsu)

flpocrpaucrBeHHo-BpeMeHHa.r aHurorzrfl. llapanrerpzqecrcufi reHeparop 6eryqefi 
- 

uon""r.
o6rqrEe rpe6onanur, rpeAbrBrqeMbre x nerunefi Hr,rM KprrcrannaM.

Pa:qe,l 4 llapawerpr4qecKoe nrpeo6pa:oBaHr4e cBera, ( I 4 vacon)
Teua 1 BsazNroAeftcrBr4e BoJrrr B cpeAax c orpr4rlarem,uofi gucnepcueft
Co4epxaurle reMLL flapanrerpuqecKoe yc[neHkre. Koe$$uquer{Tbr yclaneH:zfl ycLtrvrenr.

flaparrnerprzqecxnfi reHeparop cBera. O4nope:ouaropuufi h AByxpe3oHaropugfi
rlapaMerpl4'Iecltlaft reHeparop cBera. (Dasoerfi cr4HxpoHkr3nr. llepecrpoer{Hbre xapaKTepu crLr1;H 14

cnoco6rr nepecrpofiKr.r qacrorbr B napaMerpr4rrecKr.rx feHeparopax cBera.
T et',ta 2 o co 6 eHH o crr4 ra3 o Br,rll H enzneft no -o rrrr.{qecKr4 x cpeA.
Co4epNaHue reMbl. Oco6euuocrz ra3oBr,rx aroMHo-MoneKynspHbrx HerruHefiuo-

oIITI4qecKI4x cPe.q. Vertrpex$oroHHble nsarzuo4eficrBnfl.. VxopoueHHlre ypaBHeHr4s.
Pe:onaHcuble rrerblpex(forouurte npoqeccrr. OrIeHna pacqer r4 r4HTepnperaur4fl nerznefisrx
Bocrtpu14Mr{ueocrefi.

Teua 3 llapanrerpzqecKoe npeo6pasoBaHr'te rrpkr pacce flHuu, Parr4anoeoxoe pacce-f,Hr4e
cBeTa,

Co4epNaHue reMbl Kolr6uniaql{oHHoe (panaHoncxoe) paccesHkre cBera. @z:,uqecrnfi
MexaHI{3M paceerHufl. OcHosHHe ypaBHeHtfl pr napaMerpbr. Orpauu.runarcur4e [poqeccbr:
HacblqeHue pe3oHaHcHoro [epexola. flapanlerpzqecKoe npocBerJ]eHr,re. Brrcoxoqacrorurrfi
s0$exr Keppa. Ycrosuq Sasoeoro crcrracoBaHr4-s r4 MeroAbr efo peaJru:.,arlur4 B fa3oBbrx cpeAax.

Terr,ra 4 AurucrorcoBr,Ie KoMrronenru KP
Co4ep>rcaHr4e reMbr.
Teua 5 BuuyN4eHHoe rou6znaqnoHHoe pacceqHr4e cBera.
Co4epxcaHze TeMbI" flopsp BbIHyxAeHHofo r<ou6zHaquoHHofo parcC,aflH4f,.

AgrucrolccoBbl KoMrIoHeHTbI BblHyxreHuoro xou6r4HarluoHHofo pacce-f,Hus. Asruc)ToKcoBo
BLIHyxIeHnoe lcou6uHallI4 oHHoe paccesHl4e Ha rrepexoAax c r.rHBep cuefi naceteHHocrr4,

Terraa 6 O6parqeune BoJrHoBofo $ponra
Co4epxanze reMbl Brruyx4ennoe paccefl:nne MaH4enr,nrraura EpzrruosHa.

O6parqeuue BonHoBofo Spoura. Kovr6uHaqvoHHbre Jra3epbr.
T etra 7 zcnonrgosaHrre Henr4Hefinrrx .sereHufi B ni*epax. o6sop.



Co4epxanue reMbl. tr4rr4yqupoBaHHas lpo3parrHocrb 3epKan pe3oHaropa.
IlepecrpauBaeMble na3epbl B cneKrpocKorruu. 3eprana c OBO. flapauerpraqeoKoe ycrrJreHr.re B

MOrrIHbrx na3epax.

C o4epxaHlre [p aKTll.recrclrx/Ja 6 o p aro p ubrx :] aHqrnr"r rro A n cuurrJr rr Ere

Pa:4el 1. BneAeuuc B lleJrl4rreftlrbre orrrrrqecr(r{o rBJ'tclrrr4tr

Telta 1 VpaeueHn-n Maxcsella n nernnefiuofr cpene. Berrop He.;ruHefisofi
Il OJltpLl:lO llaH HOC'rU.

Co4epxcarurc rrpaKTutrccKlrx leuffitufi. Oucllxa noJrrrpa3oBarrrroorz [r BoorrpuuMr,rtrrBocrrzl
Ber{ecrBa. Pac'Ier rIJIorI{ocrI' rlorol(a gnel{Tpor\{arHr,rrnofi g}repfuz llocrcopi BonFrLr.

PatJ(e.lr 2 T eopux HerruHeiiHo-(Jr|raqecKlzx rurrenur1
'l'<lvra 1. Bo:6y>n4ellrrc BoJIIT uenzrrcrillofr noupllsoBarrrrocrrr Ber{ecrBa.
CogepxtaHue [par(TlrrlecKr.{x zamxrvfi.. C]ocrae:reuue clrcreMbr ypaeHeHraii B DaMKax

ttptz 6ir uxenr4 r N,IeAJ re H H o M eH rr K)n lu xcq aMrJ l r4'r.y.lt
'l'cu a 2 @ en o pr elr cl Jr o rLr tIecKO C o rI4 c irHr{ 0 B O crrp I4r4 Mrrrz s cl crcfi ,

Clocraereulle reH3opa nelvneilnofi Bocnpr4r4N,rqrrBocrv nJrr o.4r]oocHbrx Kpr4crturnoB.
B uL.rnc: r eH u e yr)ral cuFl xpoH tul3Ma.

Pa:4el 3 Kna4parraa{rrbre cpeA br.'I'p exno;ruoB o e 83 a}rNro4efi ornue.
Teua l. YrcopoueHHble ypaBHe)Hnfl B IcaAparrrqHofi cpege e npu6rruirceHuu rurocr(:rrx BOJrH

Co2lepxraHae lrpaK'lhrrecKhx 3iaHtl'taii. Rsrnclll yKopolleHHblx ypanHennh n perleHLre :lal(a\r
fetrcpauun In-f, KBaAparr4r-rrrbrx cpeA c y.rdrolr rorJroueHllr.

Tenta 2. IIaxoxleHae ycnoBlrl cf a:onoro cr4HxpoHr43Ma npu lpexrracronroM
Rsarzlro;1eli c'r'Bttr4 e ojlr{oocHbIx Kpac'l itJIjrax.

'l'err,ra 3 l'cnepaqzr [:]Jryqeflar B r(BaIIrarrrq-ubrx cpeAax
Cogeplranue npaKTzr{ecl(Ilx :tannltft. Perueuue 3aIaq feHepaltr.ru nlopcx,i fapi\{oHr{r(u B

upa6.lrHNet14a lJrocxr,t x BoJrH

Pas4cl 4. I Iapauerpr4 qe cKo e n peo6penoB ar,rr4e cBera.
Teua 1. feHepaqu.rr r,r3rryqeHr.r:r B r(BaAparrTr{Hbrx cpeAax.
Co4epxauhe rtpaKr]uqecKHX :anslaii Pelneurze 3aralr Ha r.rcc.lreronaHLre leHeparlhn elopoI

cy6rapuo ruKZ B upu6luucelllrpr rrJroc Kr4x BoJrrr.

Tenra 2 feHepaqzl tr3rryqeHr4fl, B KBa/{parulrFrr,rx cpenax
Co,lepNaHHe llpaK'rtzt{ecKax zaan;,"t:uit. PerneHne 3a,rlag Ha r{ccJIel(oBagr,re leHepartuH

clruuapuoft r4 pa3rlocruofi qacror n upz6lrlrcnl,rr4 nJrocKlIX BoJrr{.

5. OBP,{3OBATEJIbHbIE'IEXHOJIOTI{I{
B npeno4aBalnrr AI4cuIrrIJIIrHr,I "HeruHeil;.tas orrr4Ka" I4cuonb3yrorct pa3Hoo6pa:ntre

obpa:onareJlbHlle rexHoJIorI4I4 KaK TpaAr.Irlr4oHHbre, TaK Lr c rtpnMeHeHrreM aKTuBHbrx v
rzHTepar(Tr4BHbx MeroIoB o6yveuzx.

ArrunHrre u r{HTepaKTr4BHEre Merolbr o6yveuur :

Irlumep arcmuzHan neKt4Ln (a c e meuut),'
fpynno e an duc rcy c cua 1'nce npaxrr4r{ecKr4e zauxtux),'
Poneaute uzput (meua l[e2,7),'
A u anu s c umy at4uti (n ce np ar<ruqecKr4 e : an-arur).

6. OIIEHOqHbIE CPEACTBA Anf TBKyIIIEIO KOHTPOJI.fl yCTIEBA]EMOCTtr{,
IIPOMEII{yTOTIBIOfr nrrnCTATII4I4 tIO r4TOI'AM OCB OEIJWfl

AI4CIII4IIJIIIHbIIIYTIEEHO-METOAI,ITIECKOIIOFECIIETIEEII4E
CAMOCTO.flTEJIbHOTZ PAEOTbI CTyAEHTOB.

Tercyrqufi KoHTpoJrI' yclleBaeMocru rBr.f,ercfl pacnpeAel€nusru pr ocHoBaH Ha oueHKe
HecKoJrbKr4x cocTaBJltrotuvx.

1. Pe:ylrrarr,r peftruur-roHrpon.fl.
2. Btmolseuue npaKTrarrecKr4x uH1zrB:a1yanbHbrx za1auuit.



Peilmunz-xonmponu JYbl
Bapuaum 1.

1. O6rscHI'irB pa3nllqsrrfi xapaKTep n:aurr,ro4eficrBrrq cBeroBbrx noreii lraroft n 6olruroft
UHTeHCI4BHOCTT4 C BeTUeCTBOM.

2. Buqzclurb erHorrreHlle nerznefiHrx Bocnpr4r4Mrrusocrefi fQn+t)1*Qn-1) r,nfl coceAHr.rx
HerrerHblx rlop.f,AKoB (m > 2) KaK Synrcquro napaMerpa neluuefiHocrz, onpe!,enfleMoro
Qoprvryrofi E:ElEu .

3. onpe4enr4Tb Harrp{xeHHocrb 3ne)KTpr4rrecKoro rors E n rasepuoM nyr{Ke Ar4aMerpoM 1 uu n
MoruHocrbro 1 rBr.
Bapuaum 2.

1. Karoert Susuuecrue lpr4rrr..rHbr HelrlHerinrx orrrr.rqecKr.rx ssreHrafi?
2. llpeo6pa:oBarb Sopr',ryny Anfl KtrllTl4qecxofi rzHTeHcrrBHocrkr na3epHoro nyqKa raK., qro6u c
noMotllbro Hee Mox(Ho 6ruo olpeAensrb Kpt4Trzr{ecKyro aMn nnry1y cBeroBoro BeKTopa B

,-_ =- lk,-.1:!l-l-' 
."' l64tnoau lo'Tl

3' oqenrzrb rvaMerp r.srHa e Soxyce o6rexrnsa Anq nzBepHoro v3nyrreHr.{ Morunocruo 10
rBt, eclz rpe6yerc-a o6ecneqzrb Ha.nprlKeHHocrb oneKTpaqecKoro nons. E:3 . 104 B/cu.
Bapuaum 3.

1' Kaxos Su:zuecxufi currcr BeJII4qIdHbr X(m) - neruneftno fi vocnpuuMrrr4 Bocrlr m-ro ropr4xa?
2' Brtquclurb napaMerp neruHefisocrr.r E:ElEun rrrfl u3nyrreHvfl r4MrrynbcHofo na3epa
I'IHTeHcI4BHocrbro l:70r4Brlwt2, paclpocrpaH{roqerocr B oAHoaroMHoM oAg.opoAHoM
KpI'IcraJIJIe, He -sBfl.f,rolqeMcs MarHr4THbrM Marep[anov (p: 1), c xapaxrepuoft Harrpflxe:HHocrbro
BHyrpr,raroMHoro nots, E*: 1 910 Bhu unoKa3areJreM npenoMn eHufl n: 1,5.
3. Onpe4elurb rrJrorHocrr, MorqHocrr4 na3epHoro kr3nyrreHr.r_f, ry ecJrr4 Harrpfl)KeHHocrb
sneKrpl4qecKoro rorq ororo r43nyr{eHur E : l0r B/cu.
Bapuaum 4.

I ' KaKosrr Qusrauecxue npuqfiHb] oAHoBpeMeHHoro Bo3Hr.rKHoBeHus HecKoJrbKr4x BoJrH c
KparHbrMr4 qacroraMu s Herr,rnefiHoii cpe4e?
2' 3anucatr @opr'ayny P = soLQ E .4ns aHv3orponHofo rzHeftnoro orlr4rrecKoro KprrcrtuTna.
3' Onpe4enI4TL Harlp.f,xeHHocrb 3neKTpr4rrecKoro nols, E B na3epHoM nyqKe Ar4aMerpoM
I ulr u MorrrHocrbro 10 rBr,
Bapuaum 5.

1. Kaxostt $n:uvecxl4e npI4rIt4HbI orHoBpeMeHHofo Bo3Hr4KHoBerrus. HecKoJrbKrr)( BoJrH c
KparHbrMir rracroraMz s Herr.rHeilnofi cpe4e?
2. floxa3att, uro ecJIH Ha cpery nos4eftcrnyror ABe rrJrocKr.re MoHoxpoMarr.rqecKr4e
BOJIHbI c pa3nur{HblMl4 qacToTaMu a)t vr c02, To KBaAparyrq[as. [onspll3oBaHHocTb cpelbr
6yaer coAepxarb tapMoHlrrrecKl4e cocraBJlflroflIve Ha qacrorax 2ut1,2@2, or - 02 lr o)t -t-

@2.

3. oqenzrb rlzaMerp rr-r{THa n $oxyce o6:sercrIasa Ans na3epHoro r,r3nyr{eHu_f, MorrlHocrbro
10 r<Br, ecnz rpe6yercfl o6ecne,rztb Harrp{xeHHocrb oJreKTpr4rrecKoro nots E:1.104
B/cvr.
Bapuaum 6.

1. KaKossr Su:ravecrue lrpnrrl4Hbl oAHoBpeMeFrHoro Bo3HI4KHoBeHr4-[ HecKoJrr,KI4x BoJrH c
KparHbiMrr rracroraMr4 s HerrzHefiuofi cpe4e?
2. 3anucarc sorHosoe ypaBHerrr4e

a2ft f az[_1-r. _r 3 3 IA,E, =e^u^! ^l F(r+ zll,))Eol* o,irlll,ili,nrE, *II2r),,noE,E, +.. 
I

" 0t'1fr '" " " I ' " ,Ot. LE1-1 .' 
i=t i_t ,,=t r:

a) pm aHH3orpolHoro JrLIHefiHoro; 6) nsorponHofo Jrr4HefiHoro; n) ny6rauHo-nelunefiHoro
orrTrrqecKzx Kpr4CTanJrOB.

3. Onpe4eJrr4Tb rrJrorHocrb MolrlHocrr4 na3epHoro rzs:ry.reuzx { ecnrr Hanp_,rxeHHocrb
oneKTpuqecKoro rroJrq ororo r43JryrreHws E : 106 B/q,'a.



Bapuaum 7.

1. o6rsururb cyrrlHocrb HeKorepeHTHbx nervneftnrrx eS$ercroB B onrr.rKe.
2. lloragarb? [oqeMy nau6oluuuft nrrra.4 s Herr.,rHeftHbre orrrr4qecKr{e npoqeccbr 6yayr raBarb
HI43IIrIIe rrreHbl B pa3noxeHuu P(E') = eolyo E + L@ E2 + ...+ 7@) E,, * ...1,

3, oqenrarb ArzaMerp il.rrrHa n (forcyce o6:seKrrasa An-rr na3epHoro rr3nyr{eHr4_fl MorrlHocrbro
I xBr, eclz rpe6yercs o6ecneqltrb Harrpr)KeHHocrb oneKTpuqe(]Kofo no;1s E == 1 . 104
B/cu.
Bapuaum 8.

1. floscuurb cxeMy orrbrra lI. opanrceHa rro ua6mo4euuro reHeparln4

y KprrcraJrna KDP, o6la21aroulero
n,rrcrra. (d:a: (1.1 + 0.3)10-e C[C?,

rropofr fapMoHr.iKr4.
,rr 2Y l.r oly

nmm\-lt-lll=ll-r-
o, K Lo.

),. i.,/2

2' flotyuutb BonHoBoe ypaBHeHHe Anfl cpeAr,r c uerznefiuofi norxpr.r3oBaHHocrbro, 3arr[caHHoe
.qnr M arHkr rHofi co cranrqrcuefi gner(TpoM af Hr{THoro rr o Jr.fl .

3 ' OqeHzrr I4HTeHcrIBHocrb na3epHofo Lany.t,eHvs., KofAa none E B lyqKe craHoBr4Tct
coIIocraBI4MbIM c BHyrpaaroMHr,IM nd pa3noxeHr{e rron.spkaar\uLr P no creneH.sM ror_[ E repxer
cMbrcrr. (3.5 * 1 016 Br/cu2).
Bapuaum 9.

1. B -{ela cocrorzr Susu.recxufi clmrcr BoJrHoBoro ({asonoro) cunxpoHrzsua?
2.3anwcars Qoptryny P = eox() E !,nq aHz3orporrHoro rzuefinoro orrr.rqecKofo KprrclaJrJra.
3. Orlenvrb rrJrorHocrb noroKa oHepfuu 1 lasepHoro r43nyrreHnq, n;pv xoropofi [poncxoAt4T
sneKrpl4rrecr<ufi npo6ofi cyxoro oquueHHoro or rrbrJn4 Bo3ryxa. Karas [pr4 3ToM aMilnrrryra
HalpsxeHHocrr{ 3neKTpuqecKofo nons Eo? Karofi MorrlHocrr.r p nasepa 3To cooTBercrByer, ecJrrr
la:epurrft nyq I4Meer ALIaMerp d : 0.3 nau? [rraHa BoJrHr,r u3ny.ueHufl A: 10.6 nlrrr,r (CO2-na:ep),
AnlrrenbHocrr, rrMnynbca tar,.rn : 1 vKc, vtol'i'u3a\vs. B cyxoM Bo3Alxe rpo[cxoAr{T nprz 3Heprarr
3neKTpoHos U : 12 sB, rwrqa cso6oAHoro npo6era 3neKrpoHos i : 3* 10-a cir,r.
Bapuaum 10.

1. B r{eM 3aKnloqaerct flonyKnaocuqecrzfi rroAXoA rrprr paccMo,rpeHur4 n:aunoneft crBLrfl.
3neKTp oMaf HrrTH oro [3nyr{eHlIfl c n e Iqecrn olt ?
2. [arc MareMarrlqecKylo 3aIIIrcb ycronufi Toro, qro HeKoropar orrurrecKat cpela sBJI.f,eTCt
cra6onorlorqarorqefi u cla6ouennuefi uoft .

3 . Oupe4eru4Tb reH3op KBaAparr.rqnoft nooup unt ruuno cru yQ)
cldMMerplrefi 42m (rerparonanr,Haq ror4Hrouzr) 4nx l,: 1.064
dr+: (0.95 + 0.06)dro.
Bapuaum 11.

1, O6r'scuutr, KaK BJrplter clzMt\delp?rt
IIOJI,f,PI43AUI,Irc.

orrr.,IqecKofo Kpr4cranna Ha efo neru.Ineftu)'ro

2. 3arcoH Arrcnepctrr4 nervuefinux Bocrlpl4r4tr,t.{zsocreft u rreM oua o6yc:roereHa?
3. Onpe4envrb Bkrr reH3opa lzsefinofi Bocnpr4r4MrrrrBocrr4 cii, ecrr4 [onspz3arlux P (]ri: ci1El)
opr4eHTr.rpo B aH a n apanJleJrbHo onexTpr4 rrecKoMy I o mo E.
Bapuaum 12.

1. floscurzrb, floqeMy B KBapueBbD( creKJrax, rpr,rMeHseMbrx B orrrl4rrecKrrx cBeroBorax, He
Moryr trMerb Mecro ueluuefinrre eQtpexmr BToporo rropsAKa.
2. KaKoe $u:uuecrvft crraucr BeJII4qIrHbr lntl - ueruHeftuofi nocnpuuMlrrrBocrr{ m-ro nopxgxa?
3. TeH:op Ar43neKTpr4.recKofi npoHr4rlaeMoorr,r AJr.f, Kpr4craJrna r4Meer Br4A

flpvlne4zre gror reH3op r( fnaBHr,rM ocrM.

Pefimuuz-xonmponu lt&2
Bapuaum L

l.IloscHzrb rpaHIzIIbI rIpI4MeHI4Mocrr4 rznefiuoit MoAenll Apyae - JlopeHqa nsauuop;efi crBrrfl
pr3nrreHzr c BerrIecTBoM.
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2. O6:'.scnurr,, rorreMy Anfl rlpo3parrnoft (nenornoqarcrlefi) onrnuecxoft cpe4rr Im 1(t) 
: L

3. Itaroe $u:uvecr<ufi currcl npocBerneHzs rrorrrorqaroIqefi cpe4rr?
4. Cquras zgeecruoli ecrecrBeHHylo rutlprzHy nos6yx4eHHofo aroMHoro ypoBHfl T0, orleHr4Tb
Heonpe.4eneHHocrb 6A Anurrs BoJIHbI Qoroua, r43nyqaeMofo npu nepexo4e gneKTpoHa c AaHHofo
oHeprerr.rqecKoro ypoBHs Ha ypoBelrb c ltentuefi sneprnefi.
Bapuaum 2.

7. O6rscuum Susu'recrufi cuucl TIJIeHoB B ypaBHeHr4r4 ABH)KeHr4-s BbrHyx(AeHHbrx 3aryxarcrrlux
xore6auuri oAHoro ocrlr4nnsropa.
2. . Kaxosa cBt3b Me)KAy neranefinuMr4 [orspr43oBaHHocrqMr.r cMe]r{Frbrx ilopqAKos P(n), p(n+l) t
napaMerpon nelunefiHocrr4 E : E/Ilar.
3. Kanoe Susnuecrzfi crrlucl e(f$exrznuoro ceqeHr4.rr

uHoro$oroHHoro npoqecca o(k) n or KaKr.rx napaMerpoB
oH:aeucrar?
4. finr Susuuecxoe o6:s-rrcneHr4e xapaKrepa
3aBr,Ict4Mocrefi , npe4craBJreHHbrx Ha pvc.
Bapuaum 3.

1. flonyuzrb 3aBhclrMocrb rulHeftuofi Bocnpr4zMr{HBocrr4

,tt)(co) or rracrorr,r Anq cpeAbr, n roropofi xore6aHus
orITIIrrecKr,IX SneKTpoHoB .f,BLf,rOTCfl fapMoHr,rqecKrlMrr, kr

BeJII4rrIrHa cI4JrbI ToKa n cporoslelteure
u3nYleHwfl, rraAaroulefo Ha KaToA

l(;

400 600 800

r4MeeTc.s ToJrbKo oAHa pe3oHaHcHa.f,
rracrora. Wzo6p azutb ory 3 aBr.icuMo (lrl, rpa$ z.recr<n.
2. finr xapaKTepl4crI4Ky MoAenu aHrapMoHt4qecKofo ocqunnsropa c x:.y6uunofi nenzHefinocrrro
B paMKax MoAenu aHrapMoHr{r{ecKoro ocrlrlnnsropa? (Kz: 0) -ypanHeHr.re ,{y$SuHr-a. Kaxofi
rrpoqecc oHo orll{cbrsaer?
3. floscHurb, rrorreMy 4nx 4nyxSoroHHofo Soroe$$erra
nponoprlr4 oHaJrbHa KBaApaTy MOIUHOCTT4 na3epHoro

QorosreneHra.
4. B qenr cocrolzr s$$err Illrapxa?
Bapuaum 4.

1. Kaxy'ro HoByro IzHQoprr,raqnlo rlo3noJlslor flonyqr.rrb MoAeJrr4 aHrapMoHr4qecKnx oouunnrropoB
tto cpaBHeHr4ro c Jrr4Hefisofi uoAelrro?
2. O6ocHosarr seo6xoAl4Mocrb KsaHrosofi MoAeJrrr nsauuo4eficrBrz.f, r43JryqeHrir c BenlecrBoM.
3. flouelry B orITIrqecKoM KpllcranJre r.rMeer Mecro pesxzfi pocr BepoqrHocrr.r uHoro(loroHHbrx
npoqeccoB nplz yBeJrI4qeHHIzI4HTeHcr4BHOCTrr rraAaroqero na3epHofo rr3nyqenux?
4. Wtoaerorcg. rBa I,IMnynbcHbIX Jlasepa, u3nyqarcqux Ha o.4gofi qacrore, Ho c pa3nrrqHblMl{

AnI4TenbHocrflv.u I4MIIynbcoB: coorBercrBeHHo q: I Hc14T2: 10J nc, Kaxofi uxHrrx r4 [orreMy
lpel[or{TI4TeJIEHee Anfl I4CIOnHOBaHI,IS B OnTOBOJTOKOHHbX ITTIHI.i.flX C TOrIKLi 3peHr4t
o6ecne.reHzq crofixoorr4 K orrrrrqect:oMv nno6oto?
Bapuaum 5.

1. floxasarb, rITo s HeruHefiHbIX cpeAax Hapyuaerct npr4Hur4rr HeI,I3MeHHocra y&cro,Tbr cBera
npu repexore r,r3 oAHofi cpe4rr B Apyryrc.
2. fioxazarr,, qro B paMKax KB&HToBr)fi MoAenI{ nsanlto4eftcrBr4e rrHTe]lcl4BHoro cBerorroro trort
c BerrlecrBoM npeAcraBJr.rrer co6ofi Helunefiur,rfi npoqecc.
3. 9eu orrllqaerct rrpoqecc 4nyxSorouHofo lepexoAa or rrpoqecca, [percraBnrroilIerfo co6oli
ABa rrocneAoBareJrbHbrx o4Ho Q oroHHbrx nepexo4a?
4. Cpannurb BpeM-s noz3Hl4 aroMa B BlrpryanbHoM cocroflHuu c Bper/ieHeM xor3Hr4 B peanEHoM
no:6yrr4eHHoM cocro;r HLrv npLr 4npi$oronHoM rrepexoAe.
Bapuaum 6.

1, Ha ocHoBe (fopnrynrr IGi= I("(r)+ XQ)kt)?l,, ronyrrr4rb 3aBr{cr4Mocrb rrc)Ka3areJr.rr

npenoMneHI4t orlTlzqecroil cpe4rr ol lrHTeHckrBHocrrr rraAaroueto Iz3nyqeHrz.f,.

2. B qevr cocro;rr $raszuecxue ocobessocru
3a4arilr o pe3oHaHcHoM n:aalro4eftcrB:alr
IByxypoBHesofi r<naHroeofi czcrex,{rr c
MOHOXpOMaTUqeCKT4M r,r3JryqeH14eM,

-t;,



o6rr.rHo BblpaxaeMble rIoHtrL{eM (aroM, oAemtfi lolelt>?
3' 3anzcarb 3aKoH coxpaHeHlrt oHeprI4I4 anr 4n;lcQoroHHbrx npoqeccoB, rroKa3aHHbrx Ha pr4c,
4. [oxa:arb, rrro orrrrzqecKr,rft npo6rcil flBJrserc.f, ueluueitnrru rrpoqeccoM,
Bapuaum 7.

1. ftaxne $u:uuecxue pe3ynbrarbr no3BoJrfler [oryrtfiTb MoAeJrb 6zrapuouuqecKofo
n o: 6yN4enzr o crlr4 nJr.rrropa c KB aAp arr{.rHo fi H err4nefi no crrro ?
2' B 'rer{ cocrollT TIpI4HIII{rII4aJIbHoe orrr4rrr4e MexAy cra6uu u cI4JrbHbrM BHe[rHr4M rroJreM B
3aAaqe o pe3oHaHcHoM nsaalro4eficrBrru 4nyxyponHenofi Keaurosofi cr4creMbr c
MOHOXpoMaTI,IqeCKT4M USly.reHueu?
3. KaKosa cB,{3b Mexly eftQenr'nru reHeparlr4r.i Bbrcrlrx fapMor{r4K r.r uHoroeoToHHbrMt4
npoqeccaruz?
4. Kar< u [orreMy rroporoBaf, MorrlHocrb orruqecKoto
aMrrynbca uztyueuux?
Bapuarum 8.

[pooor 3aB[ICVTT OT AJII{T'eJrbHocTrI

1' B qervr cocrot4T npaBlrno P. Mz.nnepa I{ K KaKr{M npaKTr.rqecKr{M BbrBoAaM oHo npzno,4zr?2' flpvnecru npl4Mepbl nenraHefisrrx onrr.rqecKux nnreuvit, o6ycroereHHbrx rraJrr4r{veM
fpaAr4 eHTOB TepMOAr4HaMr4qecKI4X BgJrl{ril4H.
3 ' o6rscHzrr, [orleMy HLr npI'I KaKoM o6sr.rHoNa (He nasepnou) r,rcror{r{r4r(e cBera
vuoroSoroHHbre npoqeccbr B orrrzqecKr{x KprrcranJrax He ua6.nroraroi 

"".4' flonyuzrb MareMarllqecroe BbIpDI(eHr4e 3aKoHa Eyrepa AJr.{ Henr4HefiHoro 11ofnoqeHr4.rr.
Bapuaum 9.

1, [arr $usz.recroe o6rscueHr4e roMy, qro B Qopvryny IQ) =1fr,r(,rd-QJmri o*1+ ((0; _ 0- )-
xy6uunoft Bocnpn'IMvI4BocrI4 X(3) ue BXoAr4T KBal - arr{qHas Boclpr4sl4-1ssss151(2).
2' B qeu cxoAcrBo I'I pa3n[q]ie Me]Iq{y o4no$orouHbrMr{ 

" 
r"o.o4oror{HbrMr4 npoqeccavrz?

1 l4cnotszyx Oyn.uauenra-IlbHble 3aKoHoMepHocrr4 xeaHionoii Szszrcu, o6r,scgrarn
Sn:avecxyro [IpupoAy npoMex{yror{Hr,Ix cocrosHzfi, qepe3 Koropbre rrpoxorrrr arouHrrfi
oneKTpoH rrprr MHofoQoroHuou rrpoqecce.
Bapuaum 10.
1. flonyvzrb 3aBlzct4Mocrb nrHefrnofi Bocnpr4r4Mr{riBocrr4 lt)(r) or r{acrorbr Arrs.gpeAbr, B
xoropoft Kore6anus oIITI'IqecKkIX 3JreKTpoHoB f,Br.srorcr fapMoHltrrecKrrMl{, I,r r.IMeerc]fi ToJrbKo
oIHa pe3oH aHcHas. qacToTa,

2' Moryr lu 6r,trr OAHI4 AByx@oroHurte flpoueccbr runefiurnrv, a t\pyrr4e - HeJrr4Hefiuurrlu?
Orser ro.scHr4Tr, Ha rrpl4Mepax.
3. llpu KaKux AonyrleHr4fx cnpaBeAnr4Bo Bbrpilr(eHr.re An,
repexoAa w&) =ff rt'l = [rrtrlo o to? llouenry B prAe

BepofllHocrz uuoroQc)ToHHofo

cnyqaeB cTpofafl cTereHHas

JII{HeI4HbIX, Lt nJLfl

n+I' + .."p.nfl nelznefinofr. qactu
cTeIIeHI4 aMIInI4TyAtI CBeTOBOfO

MaH4elruraMa - Bpnllroena?

3aBr4cI4MOCTb Hapyma etcs?
4' o6rqcHl4Tb, IIorIeMy HelzuefiHoe IIofJroIIIeHr4e Ha HecKoJrbKo rIopnAKoB BeJrl{qunu 6o6me
ruanefi noro rrornouleHlrr.
P e itm u uz-xo ump onu JVlt 3
Bapuaum l.
1. floxasarb, lrro BbrpaxeHr4 e n(a, E) : n(a) -f nnn* Ar.s roKa3aren{ [penoMJreHr4, seluHefiuofi
cpeAbr nonyqaercr KaK pe3ynbrar BKJraAa xy6zunofi BoclpkrvMrrLrBocrz 1(3).
2. flo.scuzrr pa6ory BKp-na:epon u BKp-yctrlzre:rerZ.
3. rlolra:arb, r{To Aprcnepckrfl rpynnoBbrx. cKopocrefi uueer Mecro vr nnrrgenvHeilgux BorrH.
4. KaKogrt ocHoBHbIe csoficrsa corvroHoe?
Bapuaum 2.

1. O6rscHrrrrb, rroqeMy B Bbrpalr eHrru Ans. n* E : nzl -r
IIOKA3ATCJ].I NPENOMNCHIdfl NPZ'CYTCTBYIOT TOJIbKO IIETHbIE
BeKTOpa.

2. B qerra orrzrll4e cnoHTaHHOrO OT BbrHy)KneHHOfo pacceflHlrfl



i. Aul" xapaKrepr4crr4Ky ypaBHeur4rr Koprenera - 4e (Dprzsa.
4' o6tscwrrr,, rloqeMy rpynrloBofi conzroH He MolKer coAepxarb cJrr4rrrKou 6o6uoe (6onee
20) rcomzqecrBo BonH.

Bapuaum 3.

1' Kax BJII{ter sHax peSpaKlll4oH'ofo I4HAeKca Ha xapaKTep sBoJrroqr4r4 cBeroBoro nyqKa B
onrr.rqecKoft cpege?
2' flovelry .sBJIeHI4e BbIHylKAeHHoro pacc eflHnfl ManAelrurraMa - BpulmoeHa aHaJrorrrrrHo
-sBreHr4 ro 4r'r Spaxqrav Ha np o crpaHcrs euu oft perlrerr<e ?
3, CpanHI'mr crpyKrypy ypaBHeHlz-f, Koprenera - 4e @pz:a u nerznefrsoro ypaBHeHr4{
lllpe4zHrepa z susrzvecxuli cMbrcJr qJreHoB B 3rt4x ypaBHeHr4sx.
4. Cpannurl cnoficrea napaMerpvrrecKoro yclrneHlfl co csoficreavrz BKp-ycuJreHLrfl. u BpME-
ycLrneHlrs..

Bapuaum 4.

I ' floscHlETb, B qeM cocrolrr nenunefisrrfi xapaxrep sBneHr4s canroQoxycnpoBKr.r cBeroBofo
nyqKa.
2' floxazarc, ulo rprr nblHy]I(,4eHuor\4 paccerHrrr.r ManremurraMa - Epzlmoena BoJrHa. HaKarrKr4
14 BOJIHa paCce-{HHOfO I,r3nyqeHu.fl pa(JlpooTpaH.f,roTcr B rrpOTrrBorrOJrOXHbrX HalpaBneHrrqx.
3' Yro xapaKrepl43yror Al{crepcl4orFrHble rcoeQQuqneurr,t Br u Bz y o6o6rqeunoM ypaBHeHr4rz
tBrslolut4Mcr o6o6rqeHl4eM ypaBHet:ns. KaO z nemluefinoro ypaBHeHuxlJJpe4un."pui
4' flouevry rrerblpexBonHoBoe cMeIIIeHrIe rBJlf,ercr oAHlrM r43 caMbIX Hex(eJrarenbHbrx
Helunefiuux orlTl'Iqecxzx sS$ercroB B oIIToBoJroKoHHr,rx cl4creMax nepeAarrz nnsoprr,raqnu?
Bapuaum 5.

l. llpznecu4 MaTeMaTr.rqecKyro $oprntyny, AoKa3brBaroqyrc, rrro rtpz tfa:onofi caMoMc)Aynqunt4
Q opnaa o nrl4r{ecKl{x r4MrryJlbco B H e rr 3MeH_gercs.
2' B qeu cocroI4T IIoJIe3Hoe Ir Bpe.4Hoe BJrrrflHr.re BbrHy)r(reHHofo pacce nnun Mau1eJrr,rrrraMa -BpulmosHa In.s olroBonoKoHHlrx maHIzfi cexzu?
3. llponepnrb c rorrKt4 3peHr4fl pruMr:p11osrn QuszuecKr.rx Benzqr4H, qro rrpaBbre qacru Sopnayn
Ans Al4cnepczonnoft AJIITHbI u uetwtteituofi 4lzutr Aaror xapaKTepHbre AnkrHbr (Arzc[epcrroHHas
p,nLrHa rz nelnuefinax 4luua).
4. fltls' rrero B BoJIoKoHHbIX IrLrHLrflx nepeAarru zuQopuaqrrr4 npIzMeHflercs. cx{arze on1uqecK7x
rrMrrynb coB ? [o r<arcrax B eJrr4 qrzH cxI4M arorcq zN,rnvm clr ?
Bapuaum 6.

1. Kaxona cBr3b Me)r(Ay flBrreHLrflMLr carrao$orycrzpoBKr4 z Sa:onofi caMOMoAyn n\uu?
2. llocrpourb KarrecrBenuo rpaQuqeoKyro 3aBr4crrMocrb Anr cneKTpa BpMB yczJreHzq.
3' B 'IeNa cocrol4T MareMarl4'ecKoe n $usuvecKoe conepxaHr.e rroHflT'rfl. (MoAyn.f,urroHHat
Heycrofivzeocrr,)?
4. [oxa:arr, qro o6pa:onauze o]rrllqecKofo coJraroHa - oro HelnueftHrrfi dnsr,t.recKrafi
rpoqecc.
Bapuaum 7.

l. flovetry ilpu lralofi BeJrhrrr{He
uelunefintre eS$exru reM He MeHe€)

[epelarrr4 ranQ opnraqzu?

xy6z.ruoft Bocnpr4r4Mrrr4Bocrz 1(3)xnapuenoro creKJra
urparoT cyruecTBeHHyro ponb B orrToBoJroKoHHEIX ITUHHflX

2' CpanHum noporoBble MoIr{HocrI4 An.s BbrHyx4eHHoro xona6znaqzoHHor-o pacceflHutr v
BbrHy)KAeHHofo pacce qHus Matr4enr,trrraMa _ Epulmoeua.
3' o6:rqcFII4Tb, rloqeMy rpynrloBofi coruroH He Mo)r(er coAep)Karb cJrrrrrrKoM 6olrlroe (6onee
20) r<onzvecrBo BonH.
4. Kax Mo)I(Ho IlctloJIb3oBarb coJlrrrorrr,I B olrroBo.rroKoHHbrx lruHvrflx cnxzu'l
Bapuaum B.

1. flo-scul{rr Qu:uuecxufi cvrrcJl q]reHoB B ypaBHeHnrr Anfl uenzneitnoro sa6era dasg lrs
cBeTOBOfO rzMrrynbca.
2' KaKoelr MeroAbI nporl.IBoAeftcreus Hefarr4BHoMy BJrrzrHt4ro rbrHyxAeHHoro
tcolr6nHaqzoHHofo pacceflHzrs. I,I BbIrFIy)KAeHHofo pacceflHufl Mau4err,nrraMa - Epurrltrogna e
OI]TOBONOKOHHI,IX TLI:gIIflX CStSU?



3. Kar BJII{flIor oIITI4rIecKI4e IIorepI{ B BoJroKHe Ha MoAyn.f,urroHH}To HeycroftuuE}ocrb npr4
pacnpocTp aHeHVU na3epHbrx vunyltcon?
4. fIoqcHVrL 3HaqeHr4e noHfllas (nepr4oA coJrr4roHa).
Bapuaum 9.

l. O6r,-scHzrr, noqeMy Sasonal caMoMoAynsrlr4s nprzBorr4T K .racroruofi MoAynquur4
oIITI,IqeCKr4X 14 MnyJrbcoB.
2. [ora:arr, qro uaxclavaltnr,rfi xosssvrqraeur BPMB-ycz rreHafl, t4Meer M6)cro rr11u
COBIIaAeHI4I4 qaCTOTLI HaKarIKIzt kI

opI4nnIoSHOBCKOf O qacToTHOf O C.IIBII|a.
3. Verra o6rscusercs pa:lzuurrfi
xapaKTep gBOJrrOqIIr4 BOJIHOBOTO [aKeTa
Hapvc. au6?
AT. Cpanuurr, CBOIICTBA

QyHIaMeHraJrbHofo coJrr,ITOHa LI

OIITITIIECKI,IX COJII4TOFIOB BbIOIIIAX
nopslKoB.
Bapuaum 10.
1. [orca:arb, rITo tBJIeHLIt BblHyxAeHnoro rou6rzHarlr4oHHofo pacoerHLrfl A BbrHy)KreHgoro
pacceflHlrs' ManAelrruraMa - Bpnlmoena HaKnarbrBaror orpaHrzrreHufl Ha MaKcrrManbHyro
MOIIIHOCTb OnrvrrecKLIX I4MnynbcotB, I4crroJrb3yeMbrx B oIrroBoJroKCrHHbrX IruHrrflx flepeAaqrz
uHQopuaqrzra.

2. flotta:arr, rrro ttuueftuas. xou6zuaqu.{ AByx perueHufi BonHoBoro ypaBHe1ufl Anfl
3neKTpl4qecrofi cocranlnorqefi TaK)Ke flBrnrercfl.perueHr4eM 3Tofo ypaBHeHr4s.
3 CpanHzrr crpyKrypy ypaBHerII4{ Koprenera Ae Qpuza i ueruneftnolo ypaBHeHlrfl
lUpe4r'rHrepa, u $nzuqecrzfi cMbrcJr qJreHoB B 3Tr4x ypaBHeHr4{x.
4'lloscnutb ycJIoBLIfl, ueo6xo4ztr,tbre AJr.f, QoprrazponaHr4r orrrzrrecKr.rx coJrr4ToHoB.

flporuexyroqHaq arrecrarlufl npoxoltlr n Sopvre oK3aMeHa.
Bonpocut K ?K3sJ|4eHy

1 . Knaccz @ LrKarJlrs. n elznefi Ho - orrrr:qecKr4x e (f t| exro n
2. KorepenrHbre 14 He Kof epeHTHbre rrenkrnefiuo-onuqecKr.re eQ$exrrr
3. HenzHefiHoe rrorJrorueHr.re cBera
4. fenepaql{.fl cyMMapHbIX 14 pa3HocrHbrx qacror. flapauerpuqecKas reHeparlut
5. YpanHeHus MaKceeJrna - JlopeHqa B cpere. HenuHefiurrfi orKJrr{K cpeAr,r.
6. PasroNeHl4e rlon.f,pvaarJuu rlo creileHrM rroJrs. Hernnefiuas ilontrpu3ar\ug.
7. feHepaqzr nropoft rapMoHrzKr4 (zrnerpanrHui no4xo4)
8' (DenovreHoJloruqecKoe onI4caHlze orrrr4rrecKr4x Bocnpr4r,IMrrr4Bocrefi rpncrzurlr4rrecKux cpeA.
9. Teu:opu orrzrlecKux Bocnpl4lrMqusocrefi flepecranoBoqHbre coorHorrreHur. Csoficrea
crrMMeTpr4rr orrTr4rIecKI4X CpeI.
10. Meroa MeAJIeHHo MeHsIoqI4xcJI aMrrnvryn us cpeAbr c KBaApurrr4quofi ueraHeiiHocrrro
(rpex@ oronHbre 83 arrMo4efi crnnx)
1 1. Cucreua craIII4oHapHbIX yKopoqeHHbrx ypavneuuit llpu6nu)KeHr4e 3araHHor.o noJr-rr.
Coornouren[s Msnrrr - Poy,
12. feHepaqux nropoft fapMoHr4Krr (I-Bf) n npz6nuN eHLrn 3a[aHHoro rtoJu
13. (DasosHfi cunxponlI3M LI MeroAEI ero peanrr3a\kru. Brarrr $a-:onoro cr4HxpoHr.r3Ma.
14. YpanueHarfl. Alrfl. MerJIeHHo MeHslllrur4xc.f, AeficrenreJrbHbrx aMrrnr4TyA 

" S*.
15, Toqnoe perreHr4e rnfl reHeparluz nropoft rapMoHr4Krr. 3axsar Qasrr.
16. llaparvrerpzuecxufi reHeparop cnera (II|C). llapar'rerpuqecKoe ycuneHrre. Koessuqnenrsr
y cuneHLrfl napaMeTpr.iqecKof o y cvnvff ens.
17. llapalrerpz'recKlifi reHeparop. llepecrpofixa qacrorbr. O4uope:onaropurrfi H AByx
pe3oHaropHrffi llf C. flapanrerpv.recro{fi reHeparop ncrpevuofi BoJrHbr.
18. Meroa MeAneHHo MeHtIo'II4xc-{ aMrruryA B Teopr4r4 paclpocrpa*e'Lrfl BoJrHoBbrx .[aKeroB.
HecraqzoHapHbre yKoporreHHbre ypaBHeHar.
19. Bropoe npu6lvrx<eHz e reopr4 rz Avcnepcvtu. VpanueHz fl. AnA [yrrKoB r4 rrMrryJrr,coB.



20' fiu$paxulloHHble s0Sexrrr. [ucnepcuoHHoe pacrJrbrBaHr4e r4MnynbcoB. o6rqee )/paBHer{r4e
AN' MOAYNI,IPOBAHHbIX B IIPOCTPAHCTBE I4 BO BPEMEHI{ AMNNI{TYA"
2 1' Tpex$oroHnr,Ie rpoqeccbl. Cuc'reua ueruueftHux Hec'rarlr4 oHapHr,rx ypanneHqfi .22' HecraqnonapHafl fBf' 3Q$ercr rpyrrnoBoro 3ara3AbrBaHus r.rMnynbcoB. fpynuonofi
cr'rHxpo Ht4 3u. 3 $ $ exr rr4 cn epcr4 OHrrof o p acnnbrBaHr4r r.rMnynE coB.
23' oco6es'ocrz fa3oBbIX arot'Hbx u MoneKynspHbrx Her[HeftHo-onrr.rqecKr4x cpeA.r{errrpexQoroHHbre nsaraNaoAefi crBr4s.
24' VxopoueHHble ypaBHeHl{fl' PegouaucHble r{erbrpex So'r'ounbre npoqeccrr. oqeura, pacrrer r.r
r4HTeplperarlr4r HenzHeft urrx B o clpr4r4Mtrus o creft .

25. BsazNao.4eftcrnvIe BoJIH B cpeAa( c orpt4rlaremnofi rr4cnepcneil. I{acurqeHr.re pe3oHaHcHofo
nepexoAa. [nHalriluecrufi e$$er<r lllrapxa.
26. [rapamerprzqecKoe 

''po 
cBerneuae. BrrcoKor{acrorHsrfi e$ Q exr Keppa.

27 . [nuxeHr4e HaceJrennocrefi r.r HapyueHrre c[HxpoHr.r3Ma.
28. Kou6rzHaqrroHHoe (Parvrauoecroe) pu"."",rre cBera. BrruyN4eHuoe xou6nnaqzoHHoe
paccesHr4e (BKP). ourosHr,re ypaBHeHr.rr 14 rrapaMerpu. llopor BKF.
29' AHrzcrorcoBbl KoMrloueuru BKP. Anrucror<cono BKP Ha lepexoAax c uunepcuefi
HACCJICHHOCTA.

3 0. o6paqeHr.re BoJrHonoro Sponra. Korr,r6raHarlrroHHbre na3epbr.
CanrocrosrerbHas paOora cuyAeHToB BKJrroqaer e ce6s:
1' Ay4uropuas caMocro.arerr,Haq paSora cryAeHTa no AucrlrrnJrr4He BbrrroJrHrerct

Ha npaKTr4r{ecKr4x 3aHtrTusx npl4 pellreHuLr 3AAaq.
2. BHeay4rzropua.a caMocro-sreJlbHar pa6ora BbrrroJrH.f,ercfl cryAeHr,oM npr4

yrny6lenHon'r Lrcyrfe],flaLr AIIeIIITIJIIIHII rro reue npoft4eunoft JreK]lr,r]r, npr4 noAforoBKe K
npaKTI4r{ecKI4M 3aHf,TIaslt' OcHonHOfi (foplrofi cauocro.srelrnoft pa6oru cryAeHTa .f,BJ1serc_f,
Ir3fleHue KoHcrIeKTa lerqufi, peKoMeHnoeaHuofi nl4Teparypbr 14 perueHlrr KoHKperHbrx 3aAaq.

CanaocrosreJllHafl pa6ora 3aBepuraer 3a/ialtv Bcex rpyrr.ix BaAoB yve6uoro [poqecca u
MOXer ocyqecrBnflTbcfl. Ha neKulrtx, ceMr4Hapax, [paKTlir{ecKr4x 3aHrrr4qx, KoHcyltral,ulx. Kax
@oplra opraHl43alluz yue6Hofo npouecca caMocro.{Terr,Haq pa6ora cryreHr.oB rrpe.n,craBn{er
co6oft qeneHanpaBneHHylo clzcrer4aruqecKyro rerrenr,Hocrb rro npzo6pereHzro 3HaHLrl,
ocyuecTBn{eMyro BHe Ay ALr-ropuv.

Kourpoll BbInonHeHI4.f, caMocrotremnofi pa6orsr ooyqecrBn fl.ercfl, B xone Br,IrroJIHeHr,rr4
lpaKTuqecKr.{x 3aAaHllft u ua gK3aMelre.

B o np o c at dnn xo n mp oJtn c ailo c mofl menbH o il p a6 o mo t
1. Kaxoerl $zsuuecrue BeJIITqLIHLI, olperer.srcilIr4e nerzuefiHo-orrrr4qecKr{e eQ@er<ru?
3. Kaxonrr $z:uuecrze BeJIIrqI4HbI, o6ycraur{Barouue s$$exrrr Keppa r4 npocBe,rn enue?
4. Karcosa no nop{AKy BenIrq[HbI HanpqxeHHocrb BHyrpr4aroMHc)ro norq?
5 . 9ro Ha3brBaror BbrHyxAeHurrru xou6raHarlr4 oHHbru pac cexnueiv ?
6. Kaxosrt ycJIoBI4tr, olperenflIorque e$QercrlrBHocrb reHeparlr4r.r nropofr rapuouHr<u?
7. Kaxosrr o6 rracr.n npuMeHeHrrr rrap aMerpra.recxo fi reH eparlr4 r{ au aru?
8' Hagonure s00exru, o6ycloBJIeHHLIe nropofi u rperreft creneHbro uenznefiHocru

(nroprrlr Li rperr,r4M qneHoM pa3JroxreHr.s nonqpv3aq.,u ilo nonro).
9. KaxoBa $u:zvecr<ax BeJIlaqIIHa, onperen.f,ro,,Ia.f, npocrpaHcrBeHHoe HaKorrJreHr4e

nenzHefiuoro e$Qenra?
10' Ha:osure flocrleAoBareJlbHocrb orarroB B npoqecce feHeparlr4r.r nropofr rapMoHr4Kz.
12. r{ro raKoe BoJIHoBa.fl paccrprofixa? C$opuynupyitre y.nour. Sa^:onoro cr{HxpoHr{3Ma.
13, B xaxnx cpenax Moxer BblrtoJlHflTbcq ycnoBrde Sasonoro cuuxpouy:ua?
14' l{ro rloHl4Maror nor He;nI4HefiHbIM orKJrr4KoM cpe4u? fafue xraccwd,ur<aur4ro

nenunelZno-orrrr4rlecKl{x oSSercron.
15. llpzne4rzre rrpr4Mepbr oAHoocHbrx u AByocHr,rx Kpr4crannoB.
17. Karcoso MaKcrrManr,Hoe qracJro HesaBucr4Mbrx r(oMrroHeHT

otlTnr{ecKofi nocnpunrra.Il4socrr4?
l8' llo xaxofi cxeMe ocyqecrBJrrrorcr rpex@oronnue npoqeccu?

KBATPATI4I{HOIO TEH3OPA



19. 9ro Ha3brBaror eo-o; ee-o;
<o6o6rqensax Sasa>?

oo-e -nsauvo4eftctnusvn? Onpe4enzre roH.,rrr4e

20' r{ro Ha3bIBaIor napaMe'rpl4rrecKlIM ycr4neHr4eM csera? lfa xaxue cocrzrBJ1flrorlue
pacla.4aerct BoJIHa HaKaqKI4 npl4 tlitpaMerpuuecrofi reHepallr4r{ csera? r{ro Hasr13aror o6paruofi
wmnoft?

21' 9ro Ha3brBaror cr.rfHaJrbr:Iofi nomrofi, a r{To Ha3brBaror
o6pa:ou ycunprrenb MolKer 6rrrr npenparrleH B reHeparop? Kaxono

xolocrofr sorHoii? Itarcuv
ycnoBr{e cauonos6yxAeHr4.fl

r{eM cyTb KBa3I4OIITI{TIeCKOIO

npl,r [apaMerpr4qecKofi reuepaqrzv ciBera?
22. '{to Ha3F,rBaror A'cnepcr4oHHbrM pacrrnbrBaHr,eru? B

npu6tmx<enux?
23' Kar<os pellfl4M reHepaqvl'I nropofi rapMoHHKt4 rrpr4 r.rcnonb3oBaHr4r4 cBepxKoporKr4x

na3epHbrx urunylrcon?
24. tlpn BbIIIOJIHeHI'II4 KaKoro ycnoBrcfl Bo3MoxHbr uerupexQr)roHHbre npoqegcu? flpz

KaKIrx ycnoBl'Isx Bo3MoxHo HemaneftHo-orlTl,IqecKoe cMerueHl4e rracror u xaxoti Bra.q r,rMeer
ttos$Su{zeHr HeJrrrHefinoft cessu nlpr4 rrerbrpexSoroHurrx uporleccax?

(Doul oueHoqHbrx cpercrB Anf, npoBereHr4.f, arrecrarlzu ypoBHr c$opvrrzponaHHocrr.r
KoMrIereHIIuit o5ytatollll4xc{ no AIzoIII4nnnue oQopMJr.sercrr orAeJrbHbrM AoKyMeHToM.

7 . YIIEEHO-METOAI4qE CKOE I4 trIHOOPMAIIIIOHHOE OEECilEIIEHI4E
Ar4 CrlrrnJrr{Hbr.

7. 1. Kuuroo6ecne.reuHocrb
Haulrenoe aHrze nrrrepar)?Er : aBTop, na:nanr.re, nr.r4

pr3 [aHufl , rz3AaTeJIb CTB O

KHI4| O OEECIIEI{EHHO CTb

KorHqecrso
3K3eMflnrpoB u3AaHVil
B or.{0nr4o1'exe Bnl y B

coorBercrBl4n c @fOC
BO

Han r.rq He n alerrpoHuoft
6u6lrorere BlfV

OcnosHar rureparypa*
l. Craponofron, A. A. Jla6oparopur "rra npani"ny,

Jlasr : slexrpoHuo-6r.r6LuaoreqHar crlcreMa.

rlo ocHoBaM uelznefruofi orrrt4Krr : yue6uoe noco6lre
/ A. A. Craponofiroe. - Cauxr-llerep6ypr : HI4V
I{TMO, 2019. - 14 c.- Tercr: elexroonnrrfi//

U RL :https :i/e. lanbook. co
mhooW136399

2. 9eprrror I-.f . Henrznefislre .rpo.r".c, CBq_

Hr4Bepcr4rera,2017 .- 298 c.

3JreKlpoHrr
pecypcl:
3rexrpon.
Taraupor:

PeNarlt Aoclyna:
http://www. iprbookshop.r
ul87447.htni.- 3EC
<IPRbooks>

3. HenuHeftHbre flBreHVflJ . r rsJrnntrnHpltr nIlJleH4fl B HaHO_ 14

MrrxporereporeHHbrx cr4creMax [3lercrpouuurfi
pecypcl/ C.A. fpra4Hen lu Ap l.- 3rexr,pou.
reKcroBbre aaHHr,re.- Mocxsa: Jla6oparopu_r
glgauuil2j2j.-353 c.

Perxmr Aocryna:
http://www. iprbookshop.r
u/4605.htm1.- 3BC
<lPRbooks>

,{onoauzrelbHar JI
l. Ar<qulerpor, O. A. Heluseftuas onrrna npeno"r"
L{ KpeMHrreBbrx HaHocrpyxryp : MoHorpa|ur I O. A.
Axqr.rnerpon, 14. M, Eapanoea, K. H. Esfioxoe. _
Mocxsa : OI,I3MATJIVT,2012. 

- 544 c. - ISBN
978-5-9221-1402-8. 

- Texcr : erexrponHrril l/ ,fIast
: gJreKTpoHHo-6u6n[ore.{Hafl cvarev.a

URL:https ://e. lanbook.co
mlbooW525li

2. IIIaH4apon C.M. Bne4enue n ue,runeftry. onr"ny
[3rexrpoHurrfi pecypc]: yue6Hoe loco6ae nnfl.
cryAeHToB ualpaueuufi rroAroroBKr4 <@oroHu.ra z
onrouulpoprr,r arprta>,, <3lerrpouzr< a v
HaHosneKTpoHr4Ka), <3aexrpouuxa 14

Ml4Kpo3neKrpour.rKa)/ lllaugapon C.M._ 3lexr-pon.
TeKcroBbre AaHHbre.- Tovcr<: Ton,tcxrzil

Pexzu Aocryna:
http://www. iprbookshop,r
u/72073.html.- 3EC
<IPRbooks>



TOCYAAPCTB EHHbIfi YHI4B EP CI4TET CI4CTEM YITD ULBJIEHI{,
H paAho?neKrpoHr.lKr.t. 2012._ 4l c.
J. Kopenb n.A. HenuHe[Hr,re aorHoebre ypaBHeHr,Lf,
B onrr{Ke [3nexrpouusrf pecypc]: yve6Hoe noco6rze/
Kopem V.LL.- 3lexr.pou. reKcroBbre
Honocu6r.rpcx: Hoaocn6upcxai rocyAapcrneuurrfi
rexHr4qecKr4 fi yHHBepcurer,20l0. _ 40 c.

Perruu Aocryrra;
http ://www. iprbookshop.r
u145120.h|mL- 3EC
<IPRbooks>

7 .2, flepuoAuqecKue vs1rrrufl
1 . Kn auroeas oneKrp oHr{Ka : http : I I www. quantum_ el ectron. ru
2. Y cnexu Szsuvecxnx HayK: http ://ufn.ru
3' XypHan rexHl4qecKoft @u:uxrz u llzcrir,ra n XTO: http://journals.ioffe.rulpjtf
7.3. tr{urepHer-pecypcbr
I . http ://www.laser.ru
2. http : I I v,rww. cislaser. com
3. https ://www.comsol.ru/events/

8. MATEPPIAJIbHO-TEXHI4IIECKOE OBECIIEqEHI4E
AIICUI,IIIJII4HbI

flpeno4anauae AITouI4IIJII'IHbI npeAycMarp LrBaer npr4MeHeHue Mynbrzve4zfrnrx
qro o6ecneqr.IBaercr rrpoBe.4eHl{eM :aHqtrzfi s
BaHr.reM ayg.uropnflx xa$eaptr @uftM. !.ls
T r.rMerorc.f, KoMnbrorepHrre KJraccrr xa$e4prr

Ay4zropult nnfl npoBeAeHI4,s sanstufr. ocHaqeHbr coBpeMeHHbrMr4 repcoHianF,HbrMr4
KOMrrbroTepaMIr,

neo6xo4untrru c T.BaHH'IMIT

{n.a pean 
npoBeAeHa.,rsaugtuit neKrllzoHHofo rzrra, sa:rrsruil npaKTraqec Ko.F{TpoJu anpoMexyroqnofi arrecrarJLrr , araK)Ke noMeqeHz, Ar.s caMocro.sre*HOfr pa60rur.

Iparcruuecxue 3aHflTufl npoBoAtrct B ayrkrropvpr (xounsrcrepuou xlacce) 51i-3 (ullu
AHULJIOII{qHOM KOMNbTOTEPHOM KJIACCC B ]3ABIACIZMOCTH OT CETKI,I PACIIH CAUWX),

llepeveur Hcrro,rrb3yeMoro Jrr4ueH3rioHHofo npofpaMMHoro o6ecne.JeHr.rq:
1' llparcna4Hoe npofpaMvuoe o6ecn.".nr., Epaysep; Adobe Reader; MS word; l4S Excel;MS PowerPoint ra 4.p.
2. Cpega pa:pa6orr<a MS \/isual Studio vru aHarrorv.
3. llpraxna4Hbre MareMar,lrecK'e rraKerbr: Mapre; Mathcad; MatLab u pp.



Pa6o-ryro nporpaMM y cocraBr4Jr

PeueuseHr
(npe4cranzrenr pa6oroAarels)

(uec pa6oru,4on OIIO, loanzcr)

(OI4O, no4nzcr)

flporpauua paccMorp e:rra u o,qo6peua Ha 3acelaHuz xa$e4prr @ulIM

3ane4yroqzft xaQe4pofi OuIIM

, lo4nzcr)

Pa6o\afl. nporpaMMa paccMorpeHa z o4o6p.ru ,rb-. J""oun , yue6uo_uerorzqecKofr r<ourccaa
HAIIP ABNEH U X I 2, 03 .O 5 JIAS EPN.'E U KB AHTO BI,IC TCXH OJIO. I{I4

llp e4ce4 areJrb KoMnccr.rrl
efa-Aparsrza

uo4nucr)



JII,IC T IIEPEYTBEPXAEHI4,I
PAE OqEfr IIP OIPAMMbI AI,ICUNTIJIIIHbI

Pa6o,aax nporpaMMa o4o6peHa ua

flpororor 3ace1alufl xaS e4prr js
yue6uufi ro4

OT

3aselyrcqufi rca$e4pofi
C.M. Apaxenrur

Pa6oqas rporpaMMa o4o6peua ua

Ilporoxor 3ace 1anrfl. ra(f e4prr Jrlb

y.re6Hufi ro4

foAa
3ane4yrorqzfi r<a(| eapofi

Pa6oqas rporpaMMa o4o6peHa ua

flporoxon 3ace AaHvfl, xa$ e4prr J\b OT

yve6nufi ro4

C.M. ApaKen.sH

C.M. Apaxenxn
3ane4yrorqzft rca$eapofi


